Introduction
Hip fracture is the most serious consequence of osteoporosis, and is associated with excess mortality and morbidity, a costly hospital stay and a lengthy rehabilitation phase during which functional recovery and health-related quality of life are, in many instances, not regained [1] . Between 22 and 75% of patients do not recover to their pre-fracture ambulatory or functional status between 6 and 12 months after the event [2] . A significant functional decline following a hip fracture has been documented, even among individuals who were functioning at high levels before the event [3] .
Despite such poor outcomes, few clinical trials have investigated prolonged rehabilitation strategies after hip fracture [4] [5] [6] . Most studies conducted on rehabilitation have been performed in the acute hospital or immediate post-discharge setting, and have focused on short-term outcomes [7, 8] . The immediate effects of exercise, even in older people, are well documented [9, 10] . In a randomised controlled trial (RCT), we previously documented that an intensive exercise programme is also feasible in relatively frail hip fracture patients, and has pronounced effects on balance, strength, gait variables and functional ability [11] . More knowledge is needed regarding the prolonged effects of exercise [5] and the means needed to maintain the acquired level of functioning or improve it further [3] . The aim of this study was to evaluate the effect upon balance, strength, mobility, instrumental activities of daily living and self-rated health of 12 weeks of prolonged strength training (6-9 months after the fracture) in hip fracture patients who had finished a 12-week period of progressive strength training.
Methods

Study design
This was a randomised, controlled, single-blind, parallelgroup trial carried out with hip fracture patients, starting at 24 weeks post-fracture and lasting for 12 weeks. Patients were approached during their acute stay in the hospital, initially followed without any extra intervention for 12 weeks and then included in the first of two pre-planned sequential trials [11] . Here we present the results of phase 2. To be eligible for this phase, the patients had to be allocated to the intervention arm in phase 1, and thus to have taken part in twice-weekly exercise sessions with additional home exercises during this period. At 24 weeks, a new randomisation of the participants in the intervention arm was carried out and the participants continued with strength exercise or discontinued the organised intervention.
Study population
Patients of both sexes, aged 65 years or older, who were admitted to Ullevål University Hospital or Diakonhjemmet Hospital in Oslo, Norway, with a femoral neck fracture or a trochanteric fracture between June 2007 and December 2008 were eligible for inclusion in the first phase. Further inclusion criteria were: (i) age at least 65 years; (ii) living at home; (iii) assessed as able to undergo physical therapy for the hip fracture by the responsible orthopaedic surgeon; and (iv) scoring 23 or more (out of 30) on the Mini-Mental State Examination [12] . Patients who were admitted from nursing homes, had metastatic cancer or had sustained the hip fracture as part of a multi-trauma were not included. Neither were those who died, moved out of the recruitment area, were still in an institution 3 months after the fracture or did not meet at the 3-month follow-up test. To be eligible for phase 2 of the study, volunteers had to meet the following criteria: (i) having participated in the intervention arm during the first 12-week programme (from 12 to 24 weeks after fracture) and (ii) still living at home. Research assistants not involved in the study performed the randomisation using lots in sealed opaque envelopes. The volunteers were unblinded regarding group affiliation, but the assessments were carried out with only a single participant in a closed examination room.
Measurements
Information on age, sex, living conditions, use of walking aids inside and outside and self-reported performance in personal activities of daily living according to the Barthel Index [13] were obtained at the initiation of phase 2 ( Table 1 ). The primary outcome was the Berg Balance Scale (BBS) [14] score assessed at 36 weeks after the fracture and after completing the period of prolonged exercise. We chose balance as the primary outcome since most hip fracture patients have reduced balance [3] . Other outcomes at 36 weeks of follow-up were the results on the sit-to-stand test [15] , timed up-and-go test [16] , maximal gait speed [17] , 6-minute walk test (6MWT) [18] , maximum step height [19] , The Nottingham Extended Activities of Daily Living score (NEADL) [20] and the Short Form-12 questionnaire [21] . All assessments, during the entire study, were carried out by the same examiner blinded to group allocation and the type of intervention the subject had received.
Intervention
During the prolonged phase (6-9 months after the fracture), participants were required to attend exercise sessions once a week and to complete a home training programme once a week. Participants who missed exercise sessions because of illness or brief vacations were allowed to make up the sessions within 2 weeks. The exercises were conducted by a physiotherapist using a combination of group and individual sessions.
One-repetition maximum (1-RM) voluntary strength was measured for sitting knee extension and for leg press exercise. Once the 1-RM was determined, 80% of this value was calculated for the exercises. The 1-RM measurements were repeated every third week and used to increase the exercise prescription progressively ( Figure 1 ).
Before exercising, all patients warmed up on a stationary bicycle or a treadmill for 10-15 min. The treadmill speed or bicycle resistance was set at the highest comfortable level for each participant. Exercise sessions lasted 45-60 min, depending on the participant's ability and tolerance. The participant then performed three sets of 10 repetitions of each exercise at 80% of his or her 1-RM. The resistance loads were modified by the physiotherapist every third week and more often if possible, based on the 1-RM measurements. Patients completed four exercises: standing knee flexion, lunge ( pass forward), sitting knee extension and leg press exercise. Both knee flexion and lunge were done with loading if it was tolerated by the patients. The same exercises were used in the preceding 12-week study (Phase 1), though twice weekly. An exercise protocol was used during the training period and the results were recorded every week. The same physiotherapist conducted all the intervention sessions during the entire study.
The home exercise protocol consisted of two of the four exercises included in the supervised programme and focused on standing knee flexion and lunge. For the home exercises, the participants borrowed weight belts that allowed for resistance loading ranging between 0.5 and 12 kilos. If tolerated, the participants were advised to walk 30 min every day.
Control group
Subjects in the control group were asked to maintain their current lifestyle. No restrictions were placed on their exercise activities.
Ethics
The Eastern Norway Regional Ethics Committee for Medical Research approved the study. Oral and written information about the studies was given. Informed consent for all phases of the project was given by all patients, at the time of fracture, through methods approved by the Data Protection Officer. At the start of intervention the patients were reassured that they were free to withdraw from the study if they wanted. A physiotherapist always monitored the exercise sessions and attended to their safety. None of the patients had a fall during the sessions.
Statistical analysis
In an earlier intervention study we found that the BBS sum score increased by 2.5 points (SD 2.4) [11] . We based our power calculations on this, and estimated that to detect such a difference with a power of 80% and an alpha of 0.05, 90 subjects (45 in each group) would be necessary. Analysis was on an intention-to-treat basis. Subjects who did not complete the programme still provided some follow-up data, and missing data were replaced by baseline test values ('last observations carried forward'). Between-group comparisons of measurements at a single time point were performed using unpaired t-tests (continuous variables) or χ 2 tests (categorical variables) unless otherwise specified. In addition, we estimated the effect size for all outcomes. Due to a slight skewness in baseline BSS scores, analyses were also carried out using analysis of covariance (ANCOVA), with the 36 weeks value as the dependent variable and the 24 weeks value as the covariate. Paired t-tests were used to analyse within-group differences. Effect sizes were calculated as ð = (μ1IT − μ2IT) − (μ1CT − μ2CT)/SDm, where μ1 and μ2 are the means at baseline and follow-up for the IT (intervention group) and the CT (control group), respectively, and SDm is the mean standard deviation at baseline for the IT and the CT. An effect size of 0.2 is interpreted as small, 0.5-0.6 as moderate and 0.8-1.0 as large [22] . 
Results
Characteristics of the participants at the time of randomisation in phase 2 are presented in Tables 1 and 2 , and did not differ between the intervention and the control group. Five participants (6%, two from the controls group and three from the intervention group), randomised in phase 2, withdrew from the study. Those who withdrew did not differ from those who completed with respect to age, sex, fracture type, method of surgical repair or baseline scores (data not shown). Two of these patients withdrew after 3 weeks, two after 6 weeks and the last one after 9 weeks. Table 2 shows differences between the intervention and the control groups at the evaluations at 24 weeks (baseline) and 36 weeks (after the prolonged intervention) and the within-group differences. For the primary end-point BBS, we found no significant difference between the intervention and the control groups after the intervention. The ANCOVA carried out with the baseline score as the covariate gave essentially the same results, P = 0.9. Both groups improved their results during the intervention period. At baseline, 16.7% of the respondents in the intervention group and 17.1% of those in the control group had a maximal BBS score (56 points).
At 36 weeks, the intervention group had significantly better performance than the control group regarding gait, strength, mobility and instrumental ADL, as well as for the sum scores of SF-12 ( Table 2 ). The measure of maximum step height improved in both groups, but this improvement did not reach statistical significance and the measure did not differ between the groups, either at baseline or at follow-up ( Table 2 ). The effect size is shown in Table 2 .
Discussion
In contrast to phase 1 of the sequential trials [11] , we found no significant difference in the primary outcome BBS between those who received the prolonged programme and those who quitted after the first intervention phase. However, both groups showed improvements in their results. At baseline, more than 15% of the participants already had the maximal score on the BBS, indicating a significant ceiling effect [23] .
The intervention group also improved in the sit-to-stand test, the 6MWT and the maximal gait speed test, and the sit-to-stand scores were higher than the reported mean reference values for similar ages [15] . It has been demonstrated that strength impairment in the lower leg is a major factor influencing gait [24] . Kerrigan et al. [24] specifically emphasise the importance of ankle force generation during walking, which may explain the great impact upon the 6MWT found in our study.
Palombaro et al. [25] describe a gait speed increase of 0.10 m/s or more as clinically meaningful. In our study, both groups improved their gait speed more than this. In similar studies, changes between 0.05 and 0.32 m/s were reported [5, 26] . The intervention group achieved a mean gait speed of 1.3 m/s, indicating the ability to walk independently [17] .
The significant improvement in both SF-12 subscales in the intervention group accords well with the previously reported strong inverse association between self-rated health and walking speed impairment [5, 26] .
Although performance change over time has been reported as an outcome in clinical trials, little is known about the amount of change that could be considered clinically important or meaningful [22] . In our study, the effect size could be categorised as large for the sit-to-stand, test, 6MWT, maximal gait speed and timed up-and-go, and moderate for SF-12, NEADL and the BBS.
In phase 2, we used the same exercises that were used in the preceding 12-week intervention period ( phase 1). This might have been an advantage given that the patients knew the exercises. Stiggelbout et al. [27] described that exercise once a week was insufficient as basic training to provide benefits in health-related quality of life and functional status. Once a week may, however, be enough for maintenance when preceded by a more intensive training period.
Lower limb strength, measured by the sit-to-stand, test, decreased in the control group, illustrating that continuous training is necessary in order to maintain prior improvements. For the control group, the TUG and maximum gait speed were slower than for the intervention group. Little is known about the subjects' spontaneous, non-regulated activities. This is a limitation. However, an increase in spontaneous physical activity is not always found after periods of strength training in older people, and hip fracture patients often have a sedentary lifestyle [28] . We only included home-dwelling hip fracture patients, and so the validity for institutionalised patients is uncertain.
Several authors have recommended the use of the BBS in hip fracture patients [29, 30] , but in our study the choice of this primary end-point turned out to be a limitation. Table 2 . Between-group differences at baseline, mean changes and effect size after the 12 weeks prolonged intervention Poor balance has been reported in hip fracture patients. It was also considered important to use the same measurements in both phases of the sequential trial, and the endpoints were decided for both phases before we started phase 1. However, it turned out that more than 15% of the participants started the intervention in phase 2 with a top score on the BBS; thus, it was not possible to make further progress as measured by the BBS. The positive start point was that the mean change in the BBS in phase 1 [11] was 6.2, which is higher than the value on which our power calculation was based. However, on the secondary end-points related to ADL and performance-based tests, our results indicate that the effect of the intervention may have been better than in comparable studies [4] [5] [6] . Furthermore, the benefit, in this study, from elsewhere in the literature is stronger methods, including adequate follow-up [1, 3] . We also point out that our intervention package only consists of four exercises and thus may be easier to implement in practice than studies consisting of many exercises [5] .
Conclusion
Supervised progressive strength training once a week supplemented with home exercise can be recommended for homedwelling patients after hip fracture, who are able to participate in the intervention and to complete this form of exercises. Twelve weeks of progressive strength training once a week, as a follow-up to a more intensive training period after hip fracture has no measureable effect upon the BBS score, but may improve strength, endurance, self-reported NEADL, and self-perceived health. Home-dwelling hip fracture patients seem to constitute a group that needs prolonged follow-up to achieve the improvements that are important for independent functioning.
Key points
• Prolonged strength training is effective for home-dwelling older patients with hip fracture.
• Strength, balance and physical function are improved by physical training.
• Home-dwelling hip fracture patients need prolonged follow-up.
